Recent increases in capabilities for gathering, storing, accessing, and sharing 
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Making the data that support publications publicly available benefits the data generator, the scientific community, and the public (table 1; Uhlir and Schröder 2007) . Archived data are less likely to be lost as a result of accidents or computer failures, and the data are accessible from multiple locations. The scientific community gains by being able to discover, access, and analyze multiple data sets (e.g., Hampton et al. 2013) . Furthermore, making data available allows papers to be checked for errors (Whitlock et al. 2010 ) and may reduce the potential for scientific fraud (e.g., South and Duke 2010, Molloy 2011) . Similarly, making procedures and data available for public examination may be a key factor for public trust in scientists and the results of scientific research, particularly in the face of controversy (Beardsley 2010) .
Data sharing also has implications for human rights. Article 15 of the International Covenant on Economic, Social and Cultural Rights requires governments to recognize the right to "enjoy the benefits of scientific progress and its applications"; to take the steps necessary for the "conservation, the development, and the diffusion of science"; to "respect the freedom indispensable for scientific research"; and to "recognize the benefits to be derived from the encouragement and development of international contacts and cooperation" in science.
Although work to define the detailed implications of article 15 is ongoing (e.g., Duke et al. 2011) , the implementation of this right could imply an obligation to make data produced through publicly funded research publicly available. This interpretation is supported by funding agencies' T he so-called "data deluge" in the sciences in recent years has brought with it enormous increases in our ability to gather, store, access, and share data (Hey et al. 2009 ). These capabilities have in turn focused discussions on the opportunities for scientists to enhance their research through the use and analysis of data sets other than their own. Sharing data in its simplest sense-that of providing the primary data that underlie a published paper to those who wish to examine the original observations that support the authors' conclusions-would appear to be among the most basic of scientific ethical principles, and a number of journals have adopted policies that mandate the sharing of data linked to publications (e.g., a consortium of evolutionary biology journals, Ecological Monographs, and Science; Whitlock et al. 2010 , Ellison and Baldwin 2011 , Hanson et al. 2011 . However, the biological science community has not yet articulated clear ethical guidelines for data sharing and reuse, including appropriate citation and coauthorship practices (figure 1). The National Research Council (NRC) provides a set of principles for data sharing, including the responsibilities of authors, scientific societies, and publishers (NRC 2009 ), but does not present guidelines on data reuse. In this article, we take principles for data sharing as a starting point and offer some considerations for the development of ethical guidelines for data reuse. Practical solutions will also ultimately need to include consideration of legal constraints, but because of their complexity and the availability of other publications that address them (e.g., Miller et al. 2008, Reichman and Uhlir 2003 ), we will not further address them here.
growing emphasis on data management-for example, the US National Science Foundation's recent requirement that a data management plan be included in proposals.
Obligations of data generators
In the past, the ethical obligation of scientists to share primary data has been constrained by technology; data were contained in notebooks or stored locally in various magnetic storage forms. Making data available to others involved copying paper or electronic files. Technological advances have largely eliminated these barriers, with the establishment of public archives such as GenBank, for genetic sequence data; the Protein Data Bank, for data on protein structures; and Dryad, for ecological and evolutionary biology data. However, the ethical codes and publication standards for biological sciences have only begun to integrate that recognition. For example, proteomics researchers have developed a set of principles for sharing data that support publications, analogous to those used by the genomic community (Rodriguez et al. 2009 ), and the journal Molecular and Cellular Proteomics requires that primary data from the publication of genome-and proteome-scale analyses be published as supplemental data on the journal's Web site. The Ecological Society of America (ESA) instructs contributors to its journals that "the editors and publisher expect authors to make the data underlying published articles available" and encourages authors to register their data sets. However, data archiving is required for only one (Ecological Monographs) of the society's five peer-reviewed journals. The ESA's Code of Ethics states that "Researchers will not submit for publication any manuscript containing data they are not authorized to use," but does not make reference to data sharing per se.
The failure of many existing ethics policies to address data sharing, combined with the increasing demand for access to original data to address global issues, creates a need for professional societies to revise and extend their ethical guidelines. This is in keeping with recommendation 6 of the NRC (2009) that standards for sharing research data "be developed through a process that involves researchers, research institutions, research sponsors, professional societies, journals, representatives of other research fields, and representatives of public interest organizations, as appropriate for each particular field" (p. 7). In the present article, we assume, as a starting point, that researchers have an ethical obligation to make public the data underlying their publications. Elaborating on this, we recommend that data generators provide those data in a timely fashion (preferably before publication) and ensure the accuracy and clarity of the associated metadata. This recommendation takes into account that a journal may permit an embargo period of up to 1 year (e.g., Whitlock et al. 2010) , during which the data need not be exposed to the general public. When making data available, generators should not place unreasonable constraints on the use of data-for example, multiyear embargo periods for data linked to publications-especially in cases in which these constraints would restrict the scope of future use.
Obligations of data users
Researchers have the ethical obligation to share their data, but data users also have ethical obligations, which take several forms. The first and foremost is appropriate attribution 
Obligation Rationale
Replication The ability to replicate results of analyses is a fundamental element of the scientific process, but for many types of time-sensitive environmental data, replication is possible only if the original data are available for reanalysis.
Human rights Article 15 of the International Covenant on Economic, Social and Cultural
Rights dictates that everyone has the right to "enjoy the benefits of scientific progress and its applications," but failure to share data restricts that right.
Data preservation
Data that are not systematically archived are frequently lost as a result of computer failures, software obsolescence, or simple neglect.
Scientific progress
The scientific community, as a whole, benefits from the ability to discover, access, and analyze diverse data sets.
Data integrity
Multiple users make it more likely that deficiencies in data will come to light.
Public trust
In the face of controversy, the willingness to share data can be a key factor in increasing public trust in the results of scientific research.
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(assigning credit for the data), in the form of a statement of acknowledgment (unstructured attribution) or a citation (formal reference to data) (NRC 2012) . Data citations, similar to bibliographic citations, provide a concise way to point readers to specific resources and to acknowledge the contributions of the data providers (Parsons et al. 2010, Ball and Duke 2012) . The increasing availability of public data repositories (Nelson 2009, Ball and Duke 2012 ) and the use of persistent digital object identifiers make citation an increasingly attractive option (Brase 2009 , Green 2009 ).
As was noted by Schofield and colleagues (2009) , "a mechanism, such as a digital object identifier for resources in public repositories, would allow ready searching of the literature for specific bioresources, which is currently extremely difficult. It would also add incentives for complying with data release and deposition policies by attributing credit to researchers who do share" (p. 171). However, not all data that might be shared are citable. Loosely structured data informally exchanged among researchers may lack the cohesion and persistence required for a citation. In such a case, acknowledgment-either in the "Methods" section of the paper or in a separate "Acknowledgments" section-can be used. Regardless of the form of the citation or acknowledgment, data users have an ethical obligation to attribute data sources, both to provide credit to the data providers and to provide readers with the references required to replicate the analyses in the published work. The use of data sets without citation or acknowledgment is akin to plagiarism-taking credit for work done by others.
In addition to citation, the ethical obligations of data users may include offers of coauthorship to data providers whose data are integral to the final work. For most ecologists, this is a new area that may require revising authorship guidelines in order to maintain the core principles that author lists include individuals who made significant contributions to a publication and who are responsible for the quality and accuracy of the work. Currently, guidelines for authorship for ecological journals generally ignore the providers of data, perhaps assuming that authors are analyzing only data that they collected themselves. This assumption is less tenable when ecological data are increasingly shared. In the medical field, the International Committee of Medical Journal Editors publishes a document called the "Uniform Requirements for Manuscripts," which describes the criteria for authorship. The third edition of this document introduced criteria for authorship that were similar to those used by most ecological journals: "Authorship credit should be based only on substantial contributions to (a) [the] conception and design, or analysis and interpretation of data; and to (b) drafting the article or revising it critically for important intellectual content; and on (c) final approval of the version to be published" (ICMJE 1988, p. 402) . However, when the medical journal The Lancet began to require authors to self-identify their contributions, it was discovered that authorship lists frequently included authors whose primary contribution was providing data (Garcia 2004) . In recognition of this practice, a special statement was issued in 2000, and the 2004 edition of the requirements modified the criteria for authorship so that the first criterion included the "acquisition of data" (i.e., "substantial contributions to conception and design, or acquisition of data, or analysis and interpretation of data" ; ICMJE 2004, p. 2) . Although the statements of acceptable forms of intellectual contribution have broadened, the requirements to contribute to inter pretation and to approve the final version of the manuscript remain intact.
During the long history of coauthorship, common practices have emerged that may vary by community or discipline (Weltzin et al. 2006) . The core principle that authors contribute to and are responsible for their work is subject to some interpretation and is occasionally a source of bitter disagreement. For example, coauthorship of a manuscript is often not offered to technicians, who may have done the majority of the data collection but did not contribute to the design of the data-collection protocols or to the analysis. In other cases, coauthorship may be offered to individuals who, through help in obtaining funding or facilities, made the research possible but did not otherwise substantively participate in the production of the manuscript (e.g., heads of laboratory groups), although this practice has been increasingly challenged (Kassirer and Angell 1991) .
Authorship guidelines such as the "Uniform requirements for manuscripts submitted to biomedical journals" (ICMJE 2004 ) emphasize "substantial contributions," but when does a contribution of data from a data provider rise to the level of being "substantial"? There are several factors that could be considered in reaching a decision regarding coauthorship, including the degree to which the shared data are integral to the manuscript, unique or novel characteristics of the data, and the availability or willingness of the potential coauthor to participate in the drafting and revision of the manuscript and to take responsibility for the final product.
How integral a particular data set is to a manuscript is often a function of the number of other data sources used in the research. If all the data in a manuscript come from a single source, a strong case can be made for an offer of coauthorship. If all the data were removed from the manuscript, it would probably become unpublishable. In contrast, if the data analyzed come from a large number of similar data sets from multiple sources, citation of the data sources rather than an offer of coauthorship would be most appropriate. The rationale for this choice is twofold. First, removal of a single data set among many is unlikely to affect the publishability of the manuscript. Second, most journals balk at extremely long lists of authors (e.g., Kassirer and Angell 1991, Weeks et al. 2004) .
A manuscript could be dependent on a specific data set either because it would not be possible to perform a particular analysis without the data or because the results of the analysis would be different were those data omitted.
In determining the desirability of coauthorship, the former cause should be weighted most heavily, because it focuses on the ability to perform an analysis, which could yield either positive or negative results. Such data are integral to the manuscript. The latter cause of dependency is less compelling, because whereas data providers are responsible for the availability and accuracy of their data, the specific data values observed are a function of the phenomenon being measured. Therefore, coauthorship should be offered for making integral data available (allowing an analysis to proceed), but coauthorship might not be offered just because one data set among many had unusual data values that were important in determining the results of a statistical test.
How integral a data set is to a manuscript becomes harder to assess when there is an intermediate number of similar data sets or if the data used vary widely in importance within the context of a manuscript. Just as there are gray areas surrounding what constitutes the "substantial contributions" of researchers to a manuscript, there are gray areas regarding how "central" or "integral" (NRC 2003) a given data set is to a manuscript. Therefore, additional factors should be considered.
A second factor is how novel the data are. Collecting novel types of data constitutes a greater intellectual contribution. This intellectual contribution may take the form of identifying new ways to measure a phenomenon, the recognition that spatially or temporally extensive data are needed, or the data's integration in a specific way that is particularly valuable. There is a range in how novel different types of data are. Some data are collected using standardized tools in prescribed sampling regimes. Other data are collected using innovative methodologies or sampling schemes. Similarly, some data describe single locations at a point in time, whereas other data may consist of long-term observations over a large area. In some cases, a given data set may be derived from other data that have been integrated or harmonized in such a way as to provide additional value to the set. Coauthorship is more appropriate when the data are novel in some way, be it the methodology with which they are collected, the sampling design, the spatial or temporal extent, or the level of integration.
A final and determinative factor in whether a data provider serves as a coauthor is his or her availability or willingness to fulfill the other requirements for authorship: participation in the drafting or revision of the manuscript and final approval of the version to be published. In some cases, a data provider may be deceased, in which case he or she would be unable to meet the additional criteria for coauthorship. In other cases, the data provider may be an institution, which-again-would not be able to fulfill the additional conditions for authorship. A special case arises when the data providers are asked whether they would be willing to be coauthors but decline, either because they do not want to dedicate the time and effort required to aid in the drafting and revision of the manuscript or because they disagree with the findings or opinions expressed in it. In such cases, publication can proceed without the data providers as coauthors, and the authors can simply cite or acknowledge the data product.
Some data sets require, as a condition of their use, a license or material transfer agreement that stipulates that the data set providers be included as coauthors on any publication using the data. This practice was condemned by the NRC (2003) because such restrictions would permit data providers to prevent publication of views that conflict with their own. However, although coauthorship should not be a mandatory adjunct to using data, it may still be ethically correct to offer coauthorship when the data are integral to a manuscript, provided that there is a clear understanding that publication of the manuscript will proceed regardless of whether a data provider accepts the offer. Apart from ethical considerations, including data providers as coauthors can have benefits for the quality of the manuscript as a result of the providers' intimate familiarity with the data that may not be fully captured by metadata or other documentation. This follows the recommendation of Wolkovich and colleagues (2012) that "Ideally, researchers repurposing data will involve data holders throughout the project-from hypothesis refinement to publication-since data holders usually have additional insights and understanding of their data that is difficult to capture in metadata" (p. 2104).
In applying these factors, it is useful to consider some examples (box 1a-1c ). An alternative model discussed by Weltzin and colleagues (2006) is replacing authorship with "contributorship," wherein everyone contributing to a manuscript is listed along with a description of the roles that each individual played in its production. A data provider has developed extremely small Global Positioning System trackers and has used them to collect high-resolution data on the locations of many small mammals over an extended period. Following a publication on the methods and basic movement statistics, the data are made available through a repository to other researchers. A researcher downloads those data and applies spatial statistics to characterize the social dynamics of a species. Should the researcher contact the data provider regarding coauthorship? (See figure 2 .)
The data are essential to the success of a manuscript, because they are the only data used in the paper, probably because of their novel characteristics (high-resolution locations). Therefore, a strong case can be made that the data providers should be offered an opportunity to collaborate on the manuscript as coauthors. However, even if they decline to participate, publication can proceed, and the authors can cite or acknowledge the data set.
list of data sets that were integrated. Computer systems used in repositories are increasingly supporting automated or semiautomated recording of provenance information (Servilla et al. 2008 , Michener et al. 2011 . However, this topic is sufficiently technical that we will not pursue it further, except to note that, as in review papers, researchers using such integrated or value-added data sets typically cite the integrated data set rather than all the individual data sets of which it is composed.
A special challenge for proper citation is posed by data sets that integrate, aggregate, or otherwise alter existing data sets in order to provide additional value. For example, a researcher might create a data set by integrating a large number of stream-chemistry data sets, each in their own format, with different units and taken at different time steps, into a single data set with consistent format, units, and time steps and with additional quality control and assurance testing. The resulting data set is substantively different from the data used to create it, especially where aggregation or interpolation is used, because it may be impossible to re-create or extract the original data from the integrated data set. This integrated data set may itself be published in a public data repository. In determining the authorship of the integrated data set, the previously discussed criteria can be applied. However, there is an additional obligation that the metadata associated with the integrated data set include information about the provenance of the data, such as the Box 1c. Criteria for determining whether an offer of coauthorship is appropriate: Example 3.
A researcher develops a model for predicting storm movement and tests it using meteorological data from 250 different stations, each operated independently. Should the researcher contact the data providers regarding coauthorship? (See figure 2.)
On the basis of our criteria, the answer is certainly not. Removing any one of the 250 stations might affect the results of the model validation, but it would not render the testing of the model impossible; therefore, none of the individual data sets is integral to the paper. Similarly, meteorological station data are relatively standardized, so there is little case to be made for any specific data set being novel or unique. Finally, most journals would not accept a paper with 251 authors. However, the sources of the data should still be cited or acknowledged.
Box 1b. Criteria for determining whether an offer of coauthorship is appropriate: Example 2.
A researcher has assembled data on nutrient levels from three streams and used them to test a hypothesis regarding the seasonality of nutrient loading. Data for each of the streams come from different sources. One data set is from a graduate student; another is from a senior professor, now deceased; and the third comes from a government agency. Should the researcher contact the data providers regarding coauthorship? (See figure 2.)
Here, the decision is harder than in example 1 (see box 1a). The researcher needs to decide whether the paper would be publishable if only two of the data sources were used, whether there are other stream nutrient data sets that could equally well be substituted, or whether there are novel characteristics about these particular data that make them essential to the paper. If the researcher concludes that all three data sets are essential to the success of the paper, he or she may wish to tender an offer of coauthorship to the graduate student. The deceased professor can no longer meet the additional requirements for authorship. Similarly, the government agency is probably not in a position to participate in the drafting and revision of the manuscript. If the researcher concludes that the manuscript would be publishable using only two of the data sets or that there are many similar data sets that could be substituted, citation but not coauthorship may be appropriate. As was the case above (box 1a), even if the potential coauthor declines to participate, publication of the manuscript should proceed.
Figure 2. Criteria for coauthorship by a data provider. All criteria must be met for a provider of data to be included as a coauthor. Regardless of whether an offer of coauthorship is made or accepted, publication can proceed by incorporating citations or acknowledgments for the data source.
Box 2. Ethical principles for data reuse.
Publishers should revise authorship guidelines to address the contribution of data providers, and professional societies should explore formally incorporating the consideration of data reuse into their codes of ethics.
Data generators should make public the data underlying their publications in a timely fashion and should ensure the accuracy and clarity of the associated metadata.
Conditions for the use of data should never include restrictions that limit the range of scientific conclusions that can be reached.
Data users have an obligation to cite data sources, through formal citations when that is possible or through acknowledgment otherwise.
Coauthorship should be offered to data providers if their data are integral to the manuscript and if they can meet the other conditions of authorship, such as participation in the preparation of the manuscript and acceptance of responsibility for the conclusions reached.
If a data provider declines to accept coauthorship, perhaps because of scientific disagreements, the use of the data and publication should proceed anyway.
Sharing data is an ethical obligation for scientists, because the timely sharing of scientific data benefits both science and society.
